INTRODUCTION {#sec1-1}
============

Urolithiasis is a common medical condition worldwide with prevalence rates reaching up to 20% in some areas of the world.\[[@ref1]\] Of particular significance is its tendency to recur; around 50% of stone formers will develop at least one recurrence during their lifetime.\[[@ref2][@ref3]\] This characteristic demands the development of minimally invasive procedures successful in achieving stone clearance. Extracorporeal shock wave lithotripsy (SWL) is the least invasive surgical method with documented levels of success in treating stone disease. Since its first introduction in the early 1980s,\[[@ref4]\] SWL underwent major advancements that ultimately revolutionized the treatment of urolithiasis.

Several studies have investigated predictors of success with SWL. In addition to stone size and location, factors such as stone Hounsfield Unit (HU) and urine hardness were also investigated.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] One study acknowledged the use of newer imaging techniques such as dual energy computed tomography (CT) to predict stone composition before SWL.\[[@ref9]\] Lim *et al*. retrospectively studied 223 patients who underwent SWL and suggested that stones with higher radiodensity may be associated with higher failure rate.\[[@ref6]\] The influence of urine features on SWL success rate first started with Li *et al*. who particularly assessed urine specific gravity (SG).\[[@ref5]\] He demonstrated that stone breakage is more effective at urine SG of 1.040. In another study, however, this particular association was not detected.\[[@ref10]\]

To the best of our knowledge, the effect of urine pH on stone-free rate (SFR) with SWL was never assessed before. In this prospective study, we aim to evaluate this particular factor, in addition to other predictors of SFR with SWL.

MATERIALS AND METHODS {#sec1-2}
=====================

This is a prospective study conducted in the lithotripsy unit of a tertiary medical center. The inclusion criteria were patients above 18 years of age presenting with a single renal stone \<2 cm in size. While the exclusion criteria were patients taking medications known to alter urine pH such as potassium citrate or ascorbic acid; and the presence of multiple stones, of larger size, in other parts of the urinary system or with indwelling ureteral stents. Patients meeting the inclusion and exclusion criteria were asked to participate in this study. The Local Ethics Committee approved the study, and a waiver of signed informed consent was made by the principal investigator.

Before their participation in the study, all patients were evaluated with laboratory investigations in the form of complete blood count, renal function tests, coagulation profile, and urine culture. Patients were asked to provide a urine sample for analysis of pH and SG before performing each session of the procedure. Radiographic investigations were performed for all patients and include CT scan for accurate evaluation of the anatomy of the renal system and the size and location of the presenting stone. A plain kidney ureter and bladder (KUB) X-ray was also performed for all patients on the day of the procedure.

SWL was performed using the Siemens Lithoskop (Siemens, Erlangen, Germany). Under mild sedation, patients were placed in supine position and stones were localized with the help of fluoroscopic guidance or ultrasound depending on the stone radiolucency. A total of 4000 shock waves were administered in each session, starting at low power and reaching a maximum of 4 kV in all participants. Patients were given appointments 1 week apart to assess their stone status using plain KUB X-ray or ultrasound. Patients with residual stones, more than 2 mm in diameter, were subjected to SWL with similar settings. Three sessions in total were given to patients with persistent sizable residual stone fragments after which if no success was achieved, they were referred to their primary urologist for another modality of treatment. A plain KUB X-ray or an ultrasound was performed at the end of treatment to evaluate the success of SWL.

Patients were asked to void through a strainer to collect any sizable fragments for stone analysis, which was performed using the wet chemistry method. Stone composition was displayed as pure or mixed form. Mixed stones are those containing calcium oxalate, protein, and/or carbonate of variable percentages.

Data regarding patients' demographics, body habitus, urine investigations, stone characteristics, and outcome of SWL were collected. Patients were divided into two groups according to stone clearance. Group 1 was stone-free, whereas Group 2 had residual stones after 3 sessions of SWL. Correlations were made between the patients' body mass index (BMI), urine pH and SG, stone size, site, HU and skin to stone distance with the number of sessions, and SFR overall. Data were also subclassified according to different pH ranges for analysis. Chi-square and Student\'s *t*-test were used for statistical analysis. Categorical variables and numerical variables were presented as number (%) and mean ± standard deviation (SD), respectively. A *P* \< 0.05 was considered statistically significant. Data analysis was done using SPSS statistical software, version 21 (IBM, Armonk, NY, USA).

RESULTS {#sec1-3}
=======

One hundred and seventy-five patients were recruited in this study. Their mean age ± SD was 40.9 ± 10.3 years. The mean stone size and HU were 10.3 ± 4.7 mm and 776.8 ± 336.3, respectively. In 39 patients, the stone was located in the lower calyx, 81 in the middle calyx, 42 in the upper calyx, and 13 in the pelvis. The overall SFR was 54.3%. Stones were available for analysis in 47 out of 95 patients (49.5%) who had successful stone clearance. Calcium oxalate, mixed stones, and uric acid stones were detected in 27 (15.4%), 13 (7.4%), and 7 (4%) of cases. Other characteristics of the studied population are presented in [Table 1](#T1){ref-type="table"}. Group 1 included 95 patients, whereas Group 2 included eighty patients. A comparison between both groups is presented in [Table 2](#T2){ref-type="table"}. Factors found to have a statistically significant association with SFR were stone size (*P* = 0.03) and skin to stone distance (SSD) (*P* = 0.04). Although BMI was lower in Group 1 than Group 2 patients (26.5 ± 4.1 vs. 29.6 ± 13.6, respectively), the value was not statistically significant (*P* = 0.05). The mean urine pH ± SD was 5.6 ± 0.5 in Group 1 and 5.8 ± 0.5 in Group 2 patients (*P* = 0.51). Stone clearance was highest in the renal pelvis (69.2%), followed by upper calyx (59.5%), middle calyx (56.8%), and lower calyx (38.5%). [Table 3](#T3){ref-type="table"} evaluates different ranges of pH. The SFR was not found to be statistically significant among various pH ranges (*P* = 0.58).

###### 

Characteristics of the study population

![](UA-8-286-g001)

###### 

Comparison between Groups 1 and 2

![](UA-8-286-g002)

###### 

Correlation between different pH ranges

![](UA-8-286-g003)

DISCUSSION {#sec1-4}
==========

SWL is considered the treatment of choice for renal stones \<2 cm in size.\[[@ref11]\] Despite its documented benefit, the outcome of this management modality depends on different factors assessed in various studies.\[[@ref12][@ref13][@ref14]\] Aspects such as stone composition, size, density, and location within the renal system as well as the body habitus of patients undergoing SWL were all found to affect SWL success rate. Fewer studies, however, assessed changes in the properties of urine in search for possible influential characteristics.\[[@ref5][@ref10]\] In this study, urine pH was specifically assessed for the first time in medical literature. Our results acknowledged some of the previously reported factors \[[Table 3](#T3){ref-type="table"}\]; however, urine pH was not found to carry a statistically significant impact on SFR in this study population.

Stone-related characteristics are perhaps most influential on SWL success. It is well known that stone fragility is closely related to its composition.\[[@ref15]\] Among all stone types, the hardest composition belongs to calcium oxalate monohydrate,\[[@ref16]\] which predictably had a lower success rate with SWL and greater need for adjuvant procedures to achieve a stone-free state.\[[@ref15]\] Evaluation of stone density through CT was found to be a reliable method for predicting its composition,\[[@ref17]\] indicating a potential benefit for HU evaluation before SWL. In this study, HU was not found to have a statistically significant effect on SFR with SWL (*P* = 0.63).

SWL has long been considered to be less effective in patients with large body habitus.\[[@ref18]\] Obese patients have a longer SSD, which tends to reduce the efficacy of the shock waves administered. The usefulness of SSD as a clinical predictor for SWL success has been stressed by Park *et al*.,\[[@ref19]\] who demonstrated the presence of an inverse relationship. Awareness of such a relationship has lead few researchers to modify the positioning of obese patients during the procedure. Karatzas *et al*. tried placing patients in a modified lateral position in attempt to reduce the SSD against the SWL water cushion.\[[@ref20]\] Patients' SSD significantly affected SWL success in our study population (*P* = 0.04). Although BMI was lower in patients with a successful SWL outcome, the value was not statistically significant (*P* = 0.05).

The correlation between urine-related properties and success of lithotripsy has not been fully explored. Few studies evaluated urine SG aiming to investigate the effect of fasting before SWL on its outcome.\[[@ref5][@ref10]\] An optimal SG of 1.040 was found to be associated with superior SWL results indicating a beneficial effect of fasting before the procedure.\[[@ref5]\] On the other hand, Hosseini *et al*. failed to find any significant impact of urine SG on SWL success rate.\[[@ref10]\] In this study, urine SG also was not found to have any statistically significant influence on SFR after SWL.

The influence of urine pH on the success of stone fragmentation in SWL has never been studied previously. Urinary pH is an important factor playing a major role in urinary stone formation. An alkaline pH favors the crystallization of calcium- and phosphate-containing stones, whereas an acidic pH promotes uric acid or cystine stones.\[[@ref21]\] It is thus plausible that if urine pH is a key factor in determining the composition of stones; then, it should also have an influence on their fragility. A comprehensive example comes from Pierratos *et al*.\[[@ref22]\] depicting the association of a higher urine pH with the more fragile dihydrate stones compared to a lower pH with the more resilient monohydrate stones.

Alteration of urinary pH has become a standard in the management and prevention of certain stone types. Urine alkalinization is currently considered the treatment of choice in uric acid and cysteine stones.\[[@ref23]\] While urine acidification is praised in struvite and phosphate-containing stones.\[[@ref24]\] Extrapolating this management modality into lithotripsy is tempting by requires it being based on scientific facts.

Investigating the influence of urine pH on SWL is maybe based on sound speculation that pH must have an influence on SWL activity. Wave propagation and intensity may differ according to the properties of the conducting medium. In addition, continuous stone fragmentation could also be affected by a medium of urine pH suitable for the individual stone composition. Such an understanding has been recently explored by Mendez-Probst *et al*.\[[@ref25]\] who demonstrated significant variations in fragmentation in different media. Although this clinical study failed to find an association between urine pH and SWL success rate, it does not unfavor conducting experimental studies on the mechanics of stone fragmentation in media of different acidity.

Failure of having pH ranges toward the alkaline state could have affected the study results and can be considered as a limitation to this study. Such pH levels could have been achieved through the administration of urine alkalinizers. However, we aimed to reflect the natural situation of patients in this observational study. Another limitation is that stone analysis was available in only 49.5% of cleared stones with only 4% of them being urine acid. This may have prevented a better understanding of the effect of urine pH on different stone compositions during SWL.

CONCLUSION {#sec1-5}
==========

SWL is a minimally invasive procedure with documented benefit in treating renal stones \<2 cm in diameter. The study of factors influencing the success rate of this procedure serves to select most suitable cases coupled with the highest outcome. Urine pH was not found in this study population to significantly affect SWL results. However, it remains an attractive factor that needs to be explored in the future experimental studies.
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